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ABSTRACT 
An experiment was conducted in a farm at Soba Alhila, Khartoum, to investigate the effect 
of untreated sewage water on growth, weight and quality of two forage sorghum cultivars 
(Abu Sabein and Pioneer). The treatments were 100% sewage water, 75% sewage water 
with 25% pure water, 50% sewage water with 50% pure water, 25% sewage water with 
75% pure water and 100% pure water. The treatments were arranged in a completely 
randomized design with four replications. The results showed that all growth attributes, 
fresh and dry weight per plant increased with increase in the ratio of sewage water in the 
irrigation water. Pioneer significantly exceeded Abu Sabein in plant height, stem thickness, 
leaf area, fresh weight per plant and dry weight per plant, but the difference in the number 
of leaves per plant between the two cultivars was not significant. Crude protein increased 
and crude fiber decreased with the increase in sewage water percentage 
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INTRODUCTION 
 
Forage whether produced under irrigation or from natural rangelands constitutes a 
considerable proportion of the Sudan’s national income. With the rising demand for animal 
products around cities and in urban areas, animal industry is growing fast to cope with this 
high demand. The obstacle facing animal industry now, and will become very serious in the 
near future, is the scarcity of water to grow forage crops. In Sudan, rainfall is seasonal so 
supplementary irrigation is needed during the dry season for continuous supply of forage. 
One of the alternative sources of water other than rivers and underground water is the 
sewage water (SW). In urban areas, there is a large amount of unutilized sewage water (SW) 
presenting a sanitary hazard to the community. If this sewage water could be utilized in 
forge production, it would be a milestone towards reducing the sanitary hazards and a lower 
irrigation and fertilizers costs. Domestic wastewater represents a valuable additional source 
of water for use after adequate treatment. The treated sewage water was used to irrigate 1/3
rd
 
of the Green Belt that bound Khartoum city from the south curbing the nuisance effect of 
sand storms (Taha et al., 2002). Dilution of sewage water by adding normal water to the 
sewage water is one of the alternatives to be used for irrigation (Asgharipour and 
Azizmoghaddam, 2012) instead of treated water which is costly. The objective of this study 
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was to investigate the impact of untreated sewage water at different concentrations on the 
performance of two forage sorghum cultivars (Pioneer and Abu Sabein). 
 
MATERIALS AND METHODS 
 
An experiment was conducted in a farm at Suba in fiber sacks as pots, to study the effect of 
sewage water (SW) on growth and yield of two forage sorghum cultivars (Pioneer and Abu 
Sabein).  Forty fiber sacks were filled with soil (80 kg soil/sack) from the farm to be as a 
medium for sowing the crops. The sewage water was collected from domestic sewage water 
pool in containers from the surface where all organic and inorganic solids were settled. 
Sewage was diluted by adding different quantities of pure water to obtain different sewage 
water concentration to be used as treatments as follows:    
1. W1: 100% SW and 0% pure water (100% SW concentration, no dilution). 
2. W2: 75 % SW and 25% pure water (75% SW concentration). 
3. W3: 50% SW and 50% pure water (50% SW concentration). 
4. W4: 25% SW and 75% pure water (25% SW concentration). 
5. W5: 0% SW and 100% pure water (Pure water). 
Treatments were arranged as a factorial experiment in a completely randomized design with 
four replications in which the sacks were experimental units. Ten seeds from the two 
sorghum forage cultivars were sown in each sack and irrigated with pure water for three 
weeks at three days interval and then thinned to five plants per sack. 
Application of the treatments started after three weeks and the irrigation applied every three 
days until the end of the experiment. 
 
Parameters measured: 
1. Plant height: 
Plant height for all plants in the sack was measured every ten days starting 10 days after treatments 
from the soil surface using a measuring tape, and then the average plant height was recorded. 
2. Number of leaves per plant: 
The number of leaves for all the plants in the sack was counted every ten days starting 10 days after 
treatments and then the average heights were recorded. 
 
3. Fresh weight: 
Plants per sack were cut fresh and weighed using a sensitive balance and, the average fresh 
weight per plant was recorded. 
 
 
4. Dry weight: 
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The plants used for fresh weight were air dried under and then the average dry weight per 
plant was recorded. 
 
5. Crude protein and fiber: 
Crude protein fiber contents in the plants were determined by semi-micro Kjeldahl 
distillation method as described by Pearson (1976). Crude fiber was determined according 
to van Soest and Wine (1967). 
Analysis of variance was performed for data analysis. Means were separated 
according to Least Significant Difference (LSD) at 5% probability level   (Gomez and 
Gomez, 1984). 
 
RESULTS AND DISCUSSION 
 
Tables 1 and 2 show that sewage water at different concentrations significantly 
increased plant height and number of leaves per plant compared to the control (pure water). 
As the concentration of sewage water increased, plant height and number of leaves 
increased. This may be due to the fact that sewage water as a fertilizer source contains high 
amounts of nutrients like phosphorus, potassium and nitrogen as reported by Elsokkary 
(1993); Sawwan (1992); Safari and Hag-Rasuliha, (2001); Abdel-Gawad et al. (1989); and 
Conkling et al. (1991). Plant was significantly higher in Pioneer than Abu Sabein in all 
samples, and there was no difference in number of leaves between the two cultivars. Similar 
results were obtained by Hamza et al. (2002) in a study comparing the effect of fresh water 
versus domestic sewage water on the growth of different forage sorghum cultivars in 
Khartoum State.  
The effect of sewage water treatments on plant fresh and dry weights per plant for 
Pioneer and Abu Sabein is shown in Table 3.  Fresh and dry weights per plant were 
significantly higher under higher sewage water concentration (100%) compared to the other 
treatments. The lowest fresh and dry weights per plant were recorded for pure water. The 
increase in fresh and dry weights could be related to the amount of enough nutritious 
elements (such as N, P and K) in wastewater. Similar results were reported by many 
workers in fresh weight (Zehnalek et al., 1987; Dokoupil, 1998; Sawwan, 1992; Hamza et 
al., 2002) and dry weight (Kabata et al., 1991; Sayed, 1998; Eid et al., 1998; Mohammed et 
al., 1998; Abdel-Gawad et al., 1989; Munir et al., 2007). Fresh and dry weights per plant 
were significantly higher in Pioneer than Abu Sabein in all sampling occasions. This might 
be attributed to that Pioneer that gave significantly taller plants than Abu Sabein.  The 
interaction between variety and sewage treatment for fresh and dry weight was not 
significant. Similar results were reported by Hamza et al. (2002).  
The effect of sewage water on crude protein and crude fiber content of Pioneer and 
Abu Sabein is shown in Table 4.  Crude protein (CP) increased with increased ratio of 
sewage water in the mixture, while crude fiber decreased with addition of sewage water to 
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pure water. The increased CP of fresh and dry weight could be related to suitable amount of 
nitrogen element in the wastewater compared to pure water as reported by Elamin (1990). 
The decrease in crude fibre was attributed to the nitrogen, phosphorus and potassium and 
other nutrient elements in sewage water as reported by Rezvani and Baraki, (2001) and 
Smith et al. (2002). These elements result in more vegetative growth, and subsequently a 
decrease in crude fiber percentage of the plants. CP was significantly higher in Pioneer than 
in Abu Sabein, while crude fiber was significantly higher in Abu Sabein than Pioneer. This 
result is in line with that reported by Hamza et al. (2002) using the same cultivars in 
Khartoum State.  
It is concluded that increasing the concentration of  sewage water significantly enhance 
growth, increase fresh and dry weight, increase CP and decrease crude fibre content in 
forage sorghum. Although the effect of untreated sewage water was positive, but still, the 
safety of use of this water is uncertain. In this study, no analysis was conducted to 
determine the level of toxic elements and harmful micro-organisms in the different 
concentrations of SW and plant tissues. It is recommended to use the untreated sewage 
water at a certain level of concentration to irrigate forage crops, the levels of toxic elements 
and harmful micro-organisms in the water and plant tissue should be safe for use by animals 
and human. Therefore, further research is needed to determine most suitable and safe 
sewage water concentration by conducting chemical analysis for different sewage 
concentration and plant tissues. The chemical composition of these sewage water 
concentrations should be compared with that of the costly treated water. 
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Table 1: Effect of different proportions of sewage water on plant height of Pioneer and Abu Sabein forage. 
Different letters within the same columns for sewage treatments and cultivars indicate significant differences according to Lest Significant 
Differences (LSD) at 0.05 level.  
 
 
 
 
 
 
Treatments After (31) days 
of sowing date 
After (41) days After (51) days After (61) days After (71) days After (81) days After (91) days After (101) days 
Proportions of 
waste water 
mean mean mean mean mean mean mean mean 
W1 41.8 a 49.0 a 58.2 a 66.2 a 74.0 a 81.8 a 91.8 a 102.8 a 
W2 36.3 b 42.4 b 49.4 b 57.2 b 65.1 b 74.1 b 84.6 b  95.4 b 
W3 28.3 c 30.8 c 37.5 c 44.3 c 51.9 c 60.6 c 71.7 c 81.4 c 
W4 18.6 d 22.5 d 33.5 d 41.4 c 48.6 d 56.7 d 67.9 d 78.5 c 
W5 13.6 e 21.5 d 27.7 e 35.7 d 43.7 e 51.6 e 62.6 e 73.3 d 
 4.5 3.0 3.5 4.0 3.0 3.5 4.5 3.2 
Cultivars mean mean Mean mean Mean mean mean mean 
Pioneer 31.9 a 35.9 a 44.2 a 51.9 a 59.8 a 68.1 a 79.1 a 89.4 a 
Abu Sabein 23.6 b 30.6 b 38.4 b 46.0 b 53.6 b 61.9 b 72.4 b 83.1 b 
 5.4 4.2 4.0 4.8 5.3 5.0 6.2 6.0 
CV (%) 11.6 8.4 6.9 6.0 5.4 5.2 4.523036 5.2 
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Table 2: Effect of different proportions of sewage water on the number of leaves of Pioneer and Abu Sabein forage. 
Treatments After (31) days 
of sowing date 
After (41) days After (51) days After (61) days After (71) days After (81) days After (91) days After (101) 
days Proportions of 
waste water 
mean mean mean mean mean mean mean mean 
W1       8.9 a      11.5 a 12.0 a 12.5  a  13.0 a 14.1 a 14.7 a 15.4 a 
W2       7.8 b 10.3 ab 10.7 b 11.2  b        12.0 ba 12.8 b   13.6 ab 14.2 b 
W3 7.0 bc        9.4 bc 10.2 b 10.9  b     11.2 bc  12.0 bc   12.8 bc 13.7 bc 
W4 6.6 cd        9.0 c         9.6 bc 10.0 bc     10.5 cd 11.6 c   11.9 cd 12.7 cd 
W5       5.6 d        7.7 d         8.6 c 9.2 c     9.9 d 10.9 c 11.4 d 11.9 d 
LSD 1.1 1.0 1.1 1.2 1.3 1.2 1.3 1.1 
Cultivars mean mean mean mean mean mean mean mean 
Pioneer 7.3 a 9.6 a 10.3 a 10.8 a 11.3 a 12.4 a 13.0 a 13.7 a 
Abu Sabein 7.1 a 9.6 a 10.1 a 10.7 a 11.3 a 12.1 a 12.8 a 13.5 a 
LSD 0.8 1.0 0.6 0.4 0.5 0.5 0.4 0.3 
CV(%) 14.3 12.8 12.2 11.3 11.0 9.1 9.3 7.9 
 
Different letters within the same columns for sewage treatments and cultivars indicate significant differences according to Lest Significant 
Differences (LSD) at 0.05 level.  
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Table 3: Effect of different proportions of sewage water on fresh and dry weights per 
plant (kg) of Pioneer and Abu Sabein forage. 
Different letters within the same columns for sewage treatments and cultivars indicate 
significant differences according to Lest Significant Differences (LSD) at 0.05 level.  
 
 
 
 
 
 
 
 
 
 
 
Treatment Fresh weight (kg) Dry weight (kg) 
Proportions of sewage water 
  
W1 0.372 a 0.225 a 
W2 0.369 b 0.207 b 
W3 0.366 c 0.190 c 
W4 0.363 d 0.171 d 
W5 0.359 e 0.157 d 
 0.002 0.015 
Cultivars   
Pioneer 0.376 a 0.1968 a 
Abu Sabein 0.356 b 0.1828 b 
 0.01 0.01 
CV 0.55 8.02 
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Table 4: Effect of different proportions of sewage water on crude protein and crude fiber 
of Pioneer and Abu Sabein forage: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Different letters within the same columns for sewage treatments and cultivars indicate 
significant differences according to Lest Significant Differences (LSD) at 0.05 level.  
 
Treatment Protein (%) Fiber (%) 
Proportions of waste water 
mean mean 
W1 10.8 a 21.2 d 
W2 10.3 b 22.6 c 
W3 10.0 c 24.0 b 
W4 9.5 d 25.4 a 
W5 9.0 e 26.4 a 
LSD 0.2 1.2 
Cultivars mean mean 
Pioneer 10.2 a 23.3 b 
Abu Sabein   9.6 b 24.5 a 
LSD 0.1 1.0 
CV (%) 2.6 5.8 
